INTRODUCTION
The US Air Force needs a nondestructive inspection method to validate the integrity of thin films. Thin films are used for their unique mechanical, electrical, and optical properties. The integrity of these films depends on the thickness and adhesion of the films, and their thermal, optical, and electrical properties. A method to measure the thickness an other properties ofthin films is required.
The inspection technique must also be non-contact because many of the films need to be inspected during processing when they are sensitive to even minute amounts of contamination. The liquid used to couple ultrasonic waves into specimens for acoustic microscopy, for example, can contaminate some films enough that they are no Ionger usable.
Conventional Laser Based Ultrasound (LBU) inspection systems are noncontact, but they do not generate high enough frequency ultrasound to inspect thin films [1] .
A LBU system has been developed by Maris [2] which uses ultrafast pulses of laser light to generate and detect high frequency pulses of ultrasound. This system, shown schematically in Figure 1 , uses an ultrafast pulse of light, 110 femtoseconds (fs) long to generate a very short pulse of ultrasound with frequency components up to 100 GHz. The ultrasound propagates through the coating, is partially reflected by the substrate, and retums to the surface of the coating. These ultrasonic echoes are detected using the piezoreflective response of the coating as a function of time. The reflectivity of piezoreflective materials, such as aluminum, varies as a function of the strain at the surface of the material. By splitting a portion of the ultrafast pulse from the heating beam, sending it through a delay line, and then measuring the amount of light reflected from the specimen, it is possible to make a relative measurement of the amount of strain at the surface of the specimen. By measuring the change in reflectivity of the specimen as a function of delay line length, it is possible to measure the ultrasonic echoes as shown in Figure 3 .
Unfortunately, not all materials are piezoreflective. Gold, zinc, molybdenum and tin are either not piezoreflective, or are so minimally piezoreflective that it is not possible to detect ultrasonic echoes.
The Air Force Materials Directorate has developed a technique which uses ultrafast pulses in an innovative pulsed, delay line based interferometer which can detect ultrasonic echoes in materials which are not piezoreflective. This system has been tested on aluminum coatings ranging in thickness from 50 nm to 400 nm, and on an arsenic telluride coating 120 nm thick, and ultrasonic echoes were detected in all of these coatings. The results compared favorably with data gathered using the piezoreflective technique. In addition it was possible to measure the thickness of a 30 nm thick gold coating which was not inspectable using piezoreflective techniques using the delay line based interferometer.
The data from these coatings exhibited the thermoreflectance decay which was observed and used by Eesley [3] to measure the thermal conductivity, optical absorption length, and indirectly the electrical conductivity ofthin coatings. Thermal wave signals, such as the ones detected in Rosencwaig's thermal reflectance microscope [4] were also visible in the experimental data.
The ability of this UltraFast Laser Generated Ultrasound (UFLGU) inspection technique to measure the thickness (or elastic properties) ofthin coatings and to measure the thermal, optical and indirectly the electrical properties ofthin coatings make it a powerful tool for nondestructively validating the integrity of thin coatings.
EXPE~NTALSETUP
The UFLGU experiment, shown in Figure 2 , uses a Ti:Sapphire laser to gerrerate a series of ultrafast pulses with a repetition rate of 82 MHz and an average power in the laser beam of l.SW. The laserwas set to produce pulses 110 fs long at a wavelength of 760 nm. To measure the small changes in reflectivity caused by the ultrasonic echoes using lock-in detection, the series of pulses in the heating beam was chopped at 2 MHz using an acousto-optic modulator. Chopping the heating beam also generated thermal waves which were detectable in the reflectivity measurements. The heating beam was directed through the optical delay line (a retroreflector mounted on a translation stage), and was focussed on the specimen using a 125 mm focallength lens.
The probe beam, which is used to detect the ultrasonic echoes, is split off the Ti:Sapphire laser beam using a 10% beam sampler. The polarization of the probe beam is rotated 90 degrees using a periscope so that a Glan-Thompson polarizer can be used to block any of the heating beam which may be reflected into the photodetector.
The interferometer, shown in Figure 3 , is based on a beam splitter cube. The incoming probe beam is split into two beams at the dielectric interface. Each beam then propagates through the focussing lens, is reflected off the specimen, and propagatesback through the beamsplitter cube. At the dielectric interface the two beams are combined, which generates two sets of interfering laser beams. The two interferometer beams are incident on the specimen 5 mm apart so that the heating beam and ultrasonic echoes only affect one of the beams. The other beam is then used as the reference beam. Since both interferometer beams follow similar paths, the interferometer has good common mode noise rejection.
The interferometer can be converted to piezoreflective detection by merely blocking the reference beam.
The experiment is automated. The translation stage for the optical delay line is moved typically 20 mm in 0.1 mm increments, and a lock-in extender and lock-in amplifier are used to detect and digitize the signal from the photodetector at each delay line position. A single scan requires about five minutes to complete and, to improve the signal to noise ratio, scans are repeated ten times and averaged together.
EXPERIMENTAL RESULTS
The UFLGU system was tested on a 70 nm thick layer of aluminum over a gold substrate. The piezoreflective signal was also measured, and the four ultrasonie echoes shown in Figure 4 demonstrate that interferometric detection is equivalent to piezoreflective detection for coatings which are piezoreflective, such as aluminum.
A 30 nm thick gold coating, which is only very weakly piezoreflective, was also tested. Figure 5 shows that while there may be one ultrasonic echo barely visible in the piezoreflective data, there are three echoes clearly visible in the interferometric data.
To determine the frequency range of the interferometer, the Fourier transform of the ultrasonic echoes in the gold coating was taken. Figure 6 shows that these echoes contain significant energies to frequencies as high as 100 GHz. The displacement of the specimen, calculated from slope of the DC interference curve, Maris [5] has shown that these high frequency ultrasonic attenuation measurements can be used to characterize the morphology of thin coatings. 
CONCLUSIONS
A new nondestructive evaluation method for measuring the integrity of thin films has been developed. The UFLGU inspection system is able to measure the thiekness of coatings as thin as 30 nm. These measurements were validated using piezoreflective data, but, because the UFLGU system can also detect ultrasonie echoes interferometrieally, it can also inspect coatings which arenot piezoreflective.
The UFLGU inspection technique is an ideal inspection method for thin coatings. The ultrafast pulses of light allow this inspection system to measure the properties of the coating independent of the properties of the substrate. In addition to measuring the thiekness of these thin coatings, the UFLGU inspection system has the potential to measure other properties, such as the thermal diffusivity, optical absorption coefficient and ultrasonie attenuation of the coating. Because UFLGU inspections are completely non-contact, they will not contaminate high purity coatings. This inspection technique is an ideal method for inspecting the wide range ofthin coatings the Air Force uses.
